A viscosity model was proposed for oxygenated fuel components; it was based on Eyring's 5 absolute rate theory and a cubic equation of state Soave-Redlich-Kwong. The viscosity was 6 associated with flow energy which could be divided into the activation energy and the 7 vacancy-formation energy, and then a reference state for simplifying the calculation process was 8
Introduction 19
Nowadays, with the increasing attentions on environmental protection, many researches related 20
to new environment-friendly technologies and substances have been carried out, such as organic 21
Rankine cycle [1] fuel [7] . The oxygenated fuel compounds are oxygen-containing hydrocarbons which are either 24 naturally presented in fuels or used as additives to improve certain properties of interest. For 25 example, in diesel, oxygenated hydrocarbons can reduce the pollutant emissions and improve the 26 combustion efficiency [8] . Furthermore, the addition of oxygenated fuels will affect 27 thermophysical properties of diesel. So the study on thermophysical and transport properties of 28 oxygenated fuels is required for a better understanding and improvement in engines [9] , which 29 include heat capacity [10], critical properties [11] and speed of sound [12] , etc. Viscosity has a 30 significant impact on the spray characteristics and combustion of the fuel [13] . For decades, the 31 experimental viscosity of oxygenated compounds has been widely reported [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] often with 32 significant scatter. In addition to the provision of accurate data, a rigid theoretical model for the 33 viscosity of oxygenated fuels is required to further our knowledge and assist applications. 34 where ΔG *,p is activation energy required for compressing the saturated liquid to a higher pressure 128 p along the isothermal curve. As it has been mentioned above, the flow energy consists of 129 activation and vacancy-formation energy, whereas the additional energy which is caused by 130 forming vacancy against the increase of pressure is not considered in Eq. (5). So a vacancy term 131 7 will be introduced to modify the flow energy at elevated pressure 132
where a is the parameter which can be collected as the quadratic function of reduced temperature 134 2 1 2 r a a a T 
Combining Eqs. (4, 6 and 7) and hypothesizing the effect of pressure on activation energy can be 136 neglected, one will get 137
where Z is compressibility factor, γ, α, a1 and a2 are temperature and pressure independent 139 parameters. As the specific form of f(ΔUvap) will not be determined in this work, the effort to 140 eliminate it should be implemented. To this end, a reference state under the pressure p 0 is 141 substituted into Eq. (8) 142
where the superscript 0 means at the reference state. Taking the ratio ηl/ηl 0 from Eqs. (8 and 9) 144 leads to 145
In our previous work [59], the atmospheric pressure was chosen to be the reference state, and 147 the ηl 0 was correlated by Vogel equation. However, to guarantee the reference state could be in the 148 liquid phase at all temperatures selected in this work, we consider the critical pressure pc as the 149 reference pressure p 0 . The viscosities of methanol (MeOH), dimethyl carbonate (DMC) and 150 dimethoxymethane (DMM) at reduced pressure pr=1 are plotted in Fig. 1 Table  155 S1. The results of Eq. 1 The full names of these substances are given in Table S2 . Table S1 , 188 and a comparison between calculated results and experimental data is also carried out and shown 189
in Table 2 where ρ is density, M is molecule weight, σ, l and B are temperature and pressure independent 267 parameters. The density used in Eq. (16) can also be calculated by SRK equation, and three 268 adjustable parameters for the FV model will be obtained by fitting the data listed in Table 1 . 269 Table 2 gives a comparison of the performance between the present model and the FV model, 270 and the parameters of Eq. (16) can be found in Table S1 . It should be noted that, in general, the 271 present model achieves a slightly better accuracy than the FV model. The overall AARDs of our 272 model and the FV model are 1.06% and 1.37%, and MDs are determined to be 8.49% and 14.72%, 273
respectively. In addition, unexpectedly, the correlated results of NPEA from FV model are not 274 satisfying, the deviations of this substance are significant (with AARD=7.83% and MD=14.72%, 275 respectively). As to the present model, the AARD of NPEA is 1.20% and the MD is 2.66%, 276 17 respectively, which are much more accurate. for the viscosities of these substances, including NPEA. It is also a pity that the present model is 285 only applicable to the liquid phase, while as mentioned in the introduction section, the FV model 286 is suitable to both gas and liquid states. So the feasible method to extend our model to gaseous and 287 even surface viscosity will be our future work. 288 Table S2 , while the 314 parameters in Eq. (12) for them are shown in Table S1 . The compressibility factors of mixtures 315 can still be calculated by SRK equation with the mixing rules introduced in reference [61] . 316
However, in order to simplify the calculation process, the critical properties of mixtures will be 317 roughly treated as a linear combination of the critical properties of two pure components by the 318 20 molar fraction. 319 
321
Before correlating the mixture parameter in Eq. (18), the predictive ability of the proposed 322 mixing rules with the κ in Eq. (18) equal 0 was tested. In addition, for a comparison purpose, the 323 mixing rules for the FV model without any extra parameters are also used to predict the viscosities 324 of these mixtures, and the parameters in Eq. (16) for pure n-heptane and toluene can also be found 325 in Table S1 . There are many mixing rules have been developed for the FV model, while in this 326 work, the simple and widely used mixing rules proposed by Comuñas et al. the experimental data, which are finally given in Table 4 . 353 Table 4 
